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instrument defines a folded optical path through the lens
systems which includes a generally U-shaped portion so as,
in use, to reduce the separation of the observer and the
observed object.
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AN OPTICAL INSTRUMENT WITH A
CONTINUOUSLY ADJUSTABLE ZOOM

FIELD OF THE INVENTION

The present invention relates generally to an optical
instrument which has particular but by no means exclusive
application as an ophthaimic instrument, eg 1n ophthalmos-
COopY.

Although the present invention will be described with
particular reference to 1ts application to ophthalmoscopes, it
is 10 be noted that the present invention is not so limited and
1S more extensive m scope, extending 1n its application to
other areas of optometry, ophthalmoseopy in ophthalmic
surgery, and to diagnosis and treatment in other areas of
medicine e.g. gynaecology and dentistry.

BACKGROUND ART

At present there are two basic types of ophthalmoscopes;
the direct ophthalmoscope and the indirect ophthalmoscope.

Both types have advantages in certain circumstances and
disadvantages 1n other circumstances.

In the direct ophthalmoscope a light source is used to
directly illuminate a patient’s eye and the optical system of
the patient’s eye functions as a simple magnifier, thereby
allowing the observer to see an erect, magnified image of the
patient’s fundus. The direct ophthalmoscope provides a
means of illuminating the fundus and of observing the
illuminated area. The illumination is usually provided by
means of a light source and a reflecting prism or mirror
whereby the beam of light can be conveniently directed
through the pupil. It will be appreciated that the illuminated
fundus 1s viewed under conditions analogous to a magnify-
ing glass. The retina 1s at the focus of the dioptric system of
the eye and consequently an erect, magnified, clearly
tocussed image of the fundus 1s observed. The magnification
1s about fifteen times depending on the condition and
characteristics of the observer’s and patient’s eyes, but the
field of view 1s quite small, only about 6%20r thereabouts.
The actual area of the Tundus in view at any time also
depends upon the distance of the observer from the pupil of
the patient’s eye, and to a small extent on the patient’s pupil
diameter. Thus, while the direct ophthalmoscope provides an
erect and relatively highly magnified image, the actual area
of the eye being viewed 1s quite small and an extensive scan
of the entire surface of the eye is required in order to gain
a complete picture of the eye at this magnification.

In the indirect ophthalmoscope, which can be either
binocular or monocular, a condensing lens positioned in
front of the patient’s eye produces an inverted image of the
patient’s retina. This image can then be viewed by the
observer either with or without the aid of additional lens
systems. With most commercial instruments, the condensing
lens 1s hand-held and the lens system 18 mounted on a head
band, although a hand-held device and a spectacle configu-
ration are available. In most cases, the observed image is
inverted, L.n some 1t 1§ not, The retinal image 1s viewed with
a magnification in the range 2.5 to 5 times and a field of view
generally around 35° to 65°, depending on the precise
optical configuration. Thus, the indirect ophthalmoscope,
when provided with a suitable relay lens system, provides an
inverted or erect image which is only moderately magnified
but entails a relatively extensive field of view compared with
direct ophthalmoscopes.
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2

From the foregoing it is clear that there is a compromise
in the use of both types ol ophthalmoscopes. Whereas the
direct instrument produces a greatly magnified image, it has
a very small field of view and the indirect instrument has a
large field of view but produces an image which 1s only
slightly magnified. Accordingly, both instruments must be
used in conjunction with each other for a full comprehensive
study of a patient’s eye when attempting to detect an
abnormal condition. One problem with using two instru-
ments 1s that when an area of interest with respect to an
abnormal condition is located, say using the indirect oph-
thalmoscope because of 1its large field of view, the magni-
fication is not great enough to investigate fully the precise
nature of the abnormality. However, when an observer
changes to the direct ophthalmoscope in order to view the
abnormality under increased magnification, the precise loca-
tion of the abnormality cannot be easily determined and a
scan of the eye must be undertaken to locate the exact
position of the abnormality. Therefore, an operator 1s con-
tinually confronted by a compromise situation as to which
type of instrument to use and many investigations require
the successive or alternate use of the two diiferent instru-
ments.

U.S. Pat. Nos. 4502766 and 4666268 disclose fundus
cameras incorporating a zoom lens system for varying
magnification and field of view. This concept 1s, however,
not readily applicable to ophthalmoscopes With the arrange-
ment disclosed in these patents, the observer will need to
adjust the position of his eye as the zoom lens system is
adjusted. This is not a serious objection for an instrument
having the primary function of recording a photographic
image, but would render an ophthalmoscope less than sat-
isfactory. A linear optical configuration of the kind proposed
for the fundus cameras of the aforementioned US patents
would also render an ophthalmoscope somewhat cumber-
some in use.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an
instrument which at least alleviates one or more of the
problems of using two instruments by providing a single
instrument which has at least 1n part the advantages of both

types.

According to a first aspect of the present invention there
1§ provided an optical instrument for indirectly observing an
obiect, comprising a first lens system for producing a first
image of the object, and an adjustable second lens system for
producing a second image of the object. The second lens
system is continuously adjustable between a first position
wherein the second image has maximum magnification
and/or a minimum area of view and a second position
wherein the second image ts of a minimum magmiication
or/and a maximum area of view. The second lens system 1s
a two-conjugate zoom lens system, preferably an a focal
system having one pair of substantially infinite conjugate
planes.

In a second aspect of the invention, there 1s provided an
optical instrument for indirectly observing an object, com-
prising a first lens system for producing a first image of the
object, and an adjustable second lens system for producing
a second image of the object. The second lens system is
continuously adjustable between a first position wherein the
second image has maximum magnification and/or a mini-
mum area of view and a second position wherein the second
image 1s of a minimum magnification or/and a maximum
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arca of view. The optical instrument defines a folded optical
path through said lens systems which includes a generally

U-shaped portion so as, in use, to reduce the separation of
the observer and the observed object.

A particularly preferred embodiment of the invention
incorporates both of the above aspects.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be described, by way of
example only, with reference to the accompanying drawings,
in which:

FIG. 1 is an optical diagram of a straight-line form of
ophthalmoscope incorporating an embodiment of the first
aspect of the present invention;

FIG. 2 1s an optical diagram depicting in simple form the
Gaussian design of the optical components of the instrument
depicted 1n FIG. 1;

FIG. 3 is a side elevation of an instrument according to a
second embodiment of the invention, incorporating both
aspects of the invention in which the optical axis is folded
to provide a compact hand-held instrument;

FIGS. 4 and 5 are respectively an axial cross-section and
a partial cross-section of the instrument depicted in FIG. 3,
the cross-sections being respectively on the axis of the
objective lens assembly and normal to this axis (the orien-
tations and views in FIG. 4 vary);

FIG. 6 is a partially exploded view showing various parts
of the instrument of FIGS. 3 to 5;

FIG. 7 1s an exploded view of the cover and its retained
components;

FIGS. 8A and 8B show the moveable zoom lens compo-
nents in cross-section.

DESCRIPTION OF PREFERRED EMBODI-
MENT(S)

In FIG. 1, the patient’s eye, represented by P, is shown at
the right hand side of the drawing while the observer’s eye,
represented by O, 1s shown at the left hand side. A light
source, for example the glowing filament of an incandescent
bulb or similar, represented by S, is located in the handle
portion of the ophthalmoscope. Light emitted from the light
source and represented by the ray line 2 travels in the
direction of arrow 3 through an iris diaphragm, ID, to a beam
splitter B. The opening of iris diaphragm ID is adjustable to
vary the intensity of light passing to the patient’s eye and
also to vary the field of view of the patient’s eye. A first lens
system Al of fixed overall focal length comprising a number
of different lens elements 1s located between the iris dia-
phragm ID and beam splitter B to focus the light from source
S. One form of beam splitter B is a mirror for directing
reflected light 4 towards the patient’s eye P. However, other
forms of beam splitter B are contemplated such as, for
example, a prism or the like. Light falling on the retina C of
the patient’s eye P brightly illuminates the area of the retina
it is wished to observe. The area of the retina illuminated can
be controlled by means of the setting of iris diaphragm, ID,
and by scanning the patient’s eye.

Light 6 reflected from the retina C passes through the
patient’s eye including the lens and comea of the eye to
beam splitter B. After passing through beam splitter B the
light 7 travels to a lens system A2 of fixed overall focal
length which focuses the light 7 at C1. Additionally, the
second lens system A2 images the patients pupil at aperture
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stop AS. Thus, the image C2 of the fundus of the patient’s
eye at C1 is 1nverted.

Zoom lens system D is located intermediate the second
lens system A2 and eye piece lens system E. Zoom lens
system D forms an erect image C2, ie the inverted image of
C at C1 is again inverted to form an erect image at C2. In
addition to erecting the image, lens D may also magnify the
image. Eyepiece lens system E magnifies the image C2 so as
to form an erect magnified image C3 on the observer’s
retina. The eyepiece containing lens system E is adjustable
to an extent to provide a proper focus for the observer.

Zoom lens system D comprises a plurality of lens ele-
ments which are arranged with respect to one another so as
to be continuously variable between a first position in which
the magnification is at a minimum, such as for example
when the image is formed at C2 of FIG. 1, and a second
position in which the magnification is at a maximum, such
as for example when the image is formed at C4 of FIG. 1.
In accordance with the first aspect of the invention, lens
system D 1s a two-conjugate lens system so that the image
positions of both the patient’s retina and the patient’s pupil
do not move during zooming, ie they remain in the same pair
of fixed planes during zooming. Thus, although not depicted
in FIG. 1, the positions of C, and C, coincide, i.e. are
coincident so as to comprise a fixed pair of conjugate planes.
Furthermore, 1t 1s preferred that zoom lens system D is an
atocal system having one pair of substantially infinite con-

jugate planes.

In one form, zoom lens system D is continuously adjust-
able between its limiting positions in order to provide
images of any magnification and/or fields of view between
those existing at the extreme positions of the adjustment,
such as at any magnification between that of the image of C2
of maximum magnification and CA of minimum magnifi-
cation. The lens elements of lens system D may be selected
in accordance with any desired magnification or field of
view that 1s required or desired.

The following discussion outlings an approach to the
design of a suitable overall lens system for an ophthalmo-
scope in accordance with the invention, but this discussion
is in no way intended to be limiting.

The simplest possible optical system would consist of a
three-component afocal zoom system but this would need to
produce an intermediate 1mage of the retina in order to be
able also to image the patient’s pupil onto the clinician’s
pupil. For some zoom settings this intermediate image
would be at the central zoom component and hence dirt etc
may be visible in the final image. Furthermore, it would be
preferable in some cases for the angular magnification range
of the zoom system to be symmetrically disposed about unit
angular magnification which often easier design of the zoom
system.

For the above reasons the overall sysiem design shown in
FIG. 2 was adopted. It can be seen to consist of an afocal
zoom system working within a Keplerjan telescope.

The ophthalmoscope optical system of FIG. 1 preferably
provides a magnifying power which ideally ranges from
X15 to X3.75 and preferably embraces a zoom range up to
X4 to X35, whilst having respective field sizes at least equal
to those of the direct and indirect ophthalmoscopes at these
two magnifications. The magnifying power MP of the opti-
cal system may be expressed as:
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Angular size, at the eye, of the image
Angular size, at the eye,
of the object at Near Point

u'{(Fruf250)

250u’
F El

MP =

where u and u' are the paraxial pupil ray angles at the
patient’s and observer’s pupils, respectively, and Fg is the
focal length of the patient’s eye.

This may be written as:

250
Fg

MP = My

where M , 1s the angular magnification of the whole optical
system, and may 1tself be expressed as

Fy

Mﬂ == FS t (MT)Iﬂﬂm

where (M), ... 18 the transverse magnification of the zoom
system and I, and F. are the focal lengths of lenses 1 and
5 in FIG. 2.

Substitution now gives:

250 F

( o ) ( T ) (M1} 200m
250 ( B
Fg

where (M,),,,.. 18 the angular magnmiication of the zoom
system. It 1s desirabie that the zoom system has a symmetri-
cally-disposed zoom range of angular magnification of
0.5:2.0, thus giving the preferred 4:1 range. Furthermore, at
the maximum magnifying power MP=(250 /F ;) of the whole
system, the zoom will have an angular magnification of —0.3
and therefore it is preferred that (F,/F5)=0.5.

A three-component, afocal system may be considered as
a Keplenan telescope whose “objective’” consists of the first
two zoom components and whose “ecyelens” is the third

zoom component. Therefore the angular magnification of
the zoom system may be writien as:

MP

Fy ) 1
F 5 (Mﬂ)zﬂum

K4

My=- Koa

where K, , is the combined power of the first two zoom
components and may be represented as:

Ko =Kot Ks—~d53 K, K

Assuming that K,=AK,, substitution gives
Ky 5= K + MK, ~ dy30K5°

K>
=%

i K23 (1)

My Ka

(-—-—1 — A+ dg;-}Kz)

From which d,; can be determined. A similar formulation
can be derived for d,.

Such equations can be used to calculate the movements of
the afocal zoom system by assuming values for M 4,A and the
parameters of the lenses. The zoom system will be afocal for
all zoom settings and so the image of the patient’s pupil will
remain in the same fixed position during zooming. As
mentioned, the zoom system is a two-conjugate zoom Sys-
tem so that the image positions of both the patient’s retina
and the patient’s pupil do not move during zooming. It is
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6

known to derive formulae covering the case where both
conjugate pairs are at finite distances, but these do not apply
to the present afocal zoom system, which 18 required to have
one pair of infinite conjugates. Therefore 1t 1s necessary 1o
use a different method of calculation. As discussed above,
the values of d,; and d;, can be derived to indicate the
relative positions of the three components of the zoom

system which ensure that it i1s afocal for all zoom settings.
The remaining requirement is that the throw of the zoom
system, for the retinal imagery, should be the same for all
zoom settings. (The throw 1s the distance from the object to
the image.) The throw of a lens may be varied by moving it
in relation to the object, which in this case is the retinal
image formed by the first component of the ophthalmeo-
scope. Therefore, it 1s desirable to calculate the position of
the zoom lens, in relation to this retinal image, which will
give the desired fixed throw for every zoom setting.
Unfortunately the customary conjugate formula (1(—1/1=
K) cannot be used because the object and 1mage distances,
1C refer to the principal planes, which do not exist for an
atocal system. However, if the position of a pair of conjugate
planes O_,0," ) is known together with the transverse
magnification, M , between them, then the position of other

~ pairs of conjugate planes (such as O,0') may be calculated

in the following way.
The paraxial marginal ray angles at O, and O, are u and
u' respectively which may be represented

— 11 — m—ﬂ|
U= L! 3 U — L'I
Therefore
L=t L=

I U
and

L nu
LT = MM,

where M 1is the transverse magnification between the planes
at 0,0 .

For an afocal system the transverse magnification is the
same for all pairs of conjugate planes and therefore we have:
where L'-L is the change in throw between the new conju-

gate O,0' pair and the known conjugate pair O,,0,".

(2)

change in throw

Therefore, .=
(Mz?—1)

This formula may be used to calculate the necessary
change in the object distance for the retinal imagery of the
zoom system, in order to obtain the desired fixed throw.
However, firstly we must calculate the position of the
reference pair of conjugate planes at O_,0 . It is convenient
to adopt the plane containing the first zoom components as
the object plane.

Using the customary conjugate formula (1/C~1/1=K), con-
secutively for the last two components for the zoom system
it 1s easily shown that:

dz3 ~ d3a(dpKsz — 1)

Ih' =
Y T dnKs— 1 + Kaldy — da(dysKs — 1))

. T’lI'Uw - dz_:,t -+ d_q_,_.; T l_:,'.

&)

for an object at the first component of the zoom system,

The required overall fixed throw for the retinal imagery of
the zoom system may be calculated most easily for the —1
transverse magnification setting, for which the zoom system
will be symmetrically-disposed with d,.=d.,. It is preferable
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to adopt A=-2, as this will correct the Petzval curvature of
the zoom system whilst leaving that of the overall system
under-corrected since there will probably be some negative
higher order field curvature and astigmatism.

Using the earlier formulas, values for d,; and d,, can be
determined, and the overall throw calculated. It 1s this value
of the throw for the retinal imagery which must be conserved
for every zoom setting by calculating an appropriate value of
L, the object distance fro the first zoom component in
relation to the retinal image formed by the rust component
of the overall system. For any zoom setting, L. may be
calculated from (2) and the value of d,, 1s given by F,~—L.

The value of d,; may then be calculated as follows:

The lens movements for a zoom lens system may there-
fore be determined by adopting the following steps:

(a) Calculate the relative positions of the zoom compo-
nents using (1) and corresponding formulas. This gives d,,
and d,,.

(b) Use (3) to calculate the throw of the zoom system, for
an object at its rust component for each particular zoom
setting.

(c) Obtain the value of L, the object distance in relation
to the first zoom component (the object 1s the retinal image
formed by the rust component of the overall system). This is
calculated using (2). The value of d,, is then given by F,~L.

(d) Calculate d, from (4).

Since the relationships above interrelate focal length and
power with spatial parameters, the design of a zoom lens
system may be optimised to suit known physical constraints
or preferments.

Table 1 sets out the parameters of a practical lens con-
figuration according to an embodiment of the invention. The
configuration is depicted in FIG. 1 and consists of three lens
units—a 4-lens unit 100 for lens system A2, a triplet 110 for
zoom lens system D, and a doublet 129 for eyepiece system

E.
TABLE 1
Lens Radius of Radius of
FIG. 1 Type Front Face  Back Face
101 Concave-convex —-1208 mm —-21.81 mm
102 Biconvex 60.56 mm —18.68 mm
103 Concave-convex ~18.68 mm —83.13 mm
104 Convex-concave 38.10 mm 255.3 mm
111 Biconvex 13.38 mm -31.22 mm
112 Biconcave —15.51 mm 020 mm
113 Biconvex 2854 mm -11.22 mm
121 Biconvex 4627 mm —-23.11 mm
122 Concave-convex —20.23 mm -36.24 mm

Lenses 102, 103 are in contact as a doublet.

An exemplary arrangement for the embodiment of FIG. 1
and Table 1 is for lens system A2 to be arranged to be
locatable in use about 25 mm from the patient’s pupil, with
the distance between lens systems A2 and E being of the
order of 340 mm and the distance between lens system E and
the observer’s pupil in use being about 65 min. In some
embodiments, the combined or overall focal length of the
zoom system may be of the order of about one quarter of the
distance between the images located on either side of the
zoom lens system.

Table 2 indicates results obtained for magnification and
field of view in another such arrangement
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TABLE 2
Magnification Diameter of Field of View
(Angular) Object Image
X 15 14° 14°
X 7.5 28° 14°
x 3.75 53° 14°

(Patient’s eye) (Observer’s eye)

The purpose of Table 2 is to show how the fields of view
(object and image) vary with magnification. This table
describes one approach to the ophthalmoscope design in
which the image field of view diameter is constant at 14°.

The object field diameter then 1s related to this value and the
magnification M by the equation:

tan (object field radius)/tan(image field radius)xmagnification: 15
For example, take the 3.75 magnification values. Here

tan{53/2)/tan(14/2)x3.75=15.2

which 1s approximately 15. It is clear that there the object

field value of 53° is only approximate. A more accurate
value 1s 52.3°.

Another approach to the design would be to keep the
object ficld diameter constant and have the image field
changing with magnification.

A third approach would be to allow both object and image
fields to vary with magnification.

Finally, 1t should be noted that the object and image field
diameters given in the above table for the x15 magnification
are probably higher than usually achieved in direct ophthal-
moscopy. These values would require the patient to clinician
eye distance to be about 30 mm. A more usual distance is
about 50-60 mm, which would reduce the magnification
and/or field size accordingly.

FIGS. 3 to 8 depict a second embodiment d ophthalmo-
scope 10 according to both aspects of the invention, which
has a folded axis configuration and is of compact hand-held
form. This instrument 10 incorporates an optical system
similar to that depicted in straight line configuration in FIG.
1, and like primed reference numerals are utilised to indicate
corresponding optical components. Lens parameters are
similar to those indicated in Table 1 as these lend themselves
to a folded configuration of the kind depicted in FIGS. 3 to
8.

Instrument 10 includes an outer cylindrical casing 12
arranged for use with its axis vertical, a head assembly 14
threadingly engaged at 15 atop casing 12, a forwardly
projecting objective lens assembly A’ interchangeably fitted
to head assembly 14, and an adjustable lens mechanism 20
including a zoom lens system D', an internal spool assembly
22, and co-operating sleeve 24 rotatable by a depending
knob 26. In use, casing 12 is held in the hand and then serves
as a handle for the instrument. The optical path is indicated
at 9. Light from the patient’s eye 100 passes through
objective lens assembly A' and is diverted downwardly at the
front of casing 12, by a triangular prism 28, through move-
able zoom lens system D'. It is then reversed by a double
prism 30 back up a rear tube 32 of spool assembly 22
through eyepiece lens system E' and thence via a transparent
mirror :34 to the inclined eyepiece 35 for viewer 102 at the
rear of head assembly 14. lumination is provided by a
small incandescent lamp 36 in head assembly 14 which
eaten light path 9 along optical path 9a through mirror :34,
via one of three selectable fitters 38, a collimating lens 39
and a mirror 40.
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Sleeve 24 is rotatably retained within casing 12 between
a depending shoulder 41 on head assembly 14 and an
internal lip 42 at the lower end of the casing. Knob 26 is a
hollow body with an upstanding tubular portion 26a fixed
within sleeve 24. The knob projects through lip 42 and is
externally knurled for enhanced grip. The electrical supply
lead 44 for lamp 36 is lead through a bush 46 at the centre
of knob 26.

Spool assembly 22 includes respective upper and lower
plates 48, 49 to which tube 32 is welded. Upper plate 48 1s
fastened to head assembly 16 whereby the whole spool
assembly is suspended within sleeve 24. The plates 48, 49
are also coupled by a pair of posts 50, 51 in front of tube 32.
Slidably supported on these posts are the holders 34, 35 for
respective lenses 111', 112", 113’ of zoom lens system D'
Each holder 54, 55 carries a projection 34a, 55a which
travels along respective part helical slots 56, 57 in sleeve 24,
whereby rotation of the sleeve by means of knob 26 causes
the lenses 111 ', 112', 113’ to travel up and down between
plates 48, 49. It is to be noted that the slots 56, 57 are not
necessarily parallel: the lenses 111', 112', 113’ are discussed
further below.

Plate 48 includes a front recess 60 below prism 28 and an
open top 32a for robe 32, while plate 49 has a slot 64 directly
below prism 28 and an open bottom for tube 32. Double
prism 30 is fixed on a mounting strap 66 bolted under plate
49 and lies in slot 64.

As before, zoom lens system D' is of two conjugate
configuration, ie where two pairs of conjugate planes—
object/image and entrance/exit pupils—are kept stationary
as the focal length, field of view and magnification change.
As best seen from FIG. 8, lens system 21 comprises, in the
order encountered along optical path 9 travelling away from
the patient’s eye, a double convex lens 113 and a double
concave lens 112' in holder 54, and a second double convex
lens 111' in holder 55. Each lens is retained against a
respective shoulder of a bore in its holder by a conventional
snap-in ting, and the precise optical characteristics of the six
interfaces are preselected, in conjunction with the relative
movement of the holders determined by the form of slots 36,
57, to achieve the desired two-conjugate system. Each
holder has bearing sleeves 69 for smooth travel along posts
50, 51.

Obijective lens assembly A, incorporating lens 101'-104',
substitutes for the hand-held interchangeable condensing
lens typical of prior indirect ophthalmoscopes and 1is
screwed into a complementary aperture 68 in head assembly
14.

Head assembly 14 is in three principal parts, best seen in
FIGS. 6 and 7. A main body 70 carries objective lens
aperture 68, depending threaded shoulder 41 for engaging
casing 12, and an inverted saddle 74 for retaining prism 28
in place against a centre stop 735. Appropriate apertures are
provided below prism 28 and above tube 32. A hollow cast
or moulded insert 75 for head main body 70 locates above
tube 32 and carries opening for mirror 34 and cyepiece 33,
both retained by suitable rings 76. A shaped cover 80 for
head assembly 14 (FIG. 7) has a rear opening 82 which fits
about insert 75 and side skirts 84, 85 with apertures and seats
which respectively mount a bracket 86 for lamp 36 and a
mechanism 88 for selecting filters 38.

Bracket 86 is L-shaped so as to define a front arm 86a for
lamp collimating lens 39, and a front aperture 89 in cover 80
houses lamp mirror 40 and an overlying closure cap 90.

Filter selection mechanism 88 has an externally rotatable
knob 92, an internal half-sleeve 94 with seat apertures for
the selectable filters 38, and an interconnecting shait assem-
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bly 96. Assembly 96 includes an indexing device 97 with a
springloaded ball (not visible) engageable with blind bores
98 in a boss of half-sleeve 94.

In an alternative construction, illumination might be more
direct, eg through prism 28 rather than mirror :34. Moreover,
the arrangement may alternatively be such that the observ-
er’s line of sight is at least collinear and preferably co-axial
with the patient’s eye line. The illustrated instrument is
monocular but a binocular modification may of course be
provided. The zooms lens system D' may of course be driven
by a motor and thread or worm arrangement, or by any other
powered device, instead of the hand-operated configuration
illustrated.

The main advantage of the illustrated instrument 18 the
need to use only one type of ophthalmoscope in contrast to
the traditional requirement for two separate instruments—an
indirect one to first locate the area of abnormality and to
obtain an overall view of the condition of the eye in order
that a study of the fundus features may be undertaken, and
then a direct instrument in order to study significant portions
of the fundus features in more detail at a higher magnifica-
tion. When examining the fundus, ideally one looks with an
indirect instrument and then, having obtained an overview,
swaps to a direct ophthalmoscope to examine the feature of
interest in detail. The improved ophthalmoscope of the
present invention allows for a continuously variable range of
magnification and field of view so that the approprlate
magnification and field of view can be selected to view any
sized feature of the fundus at any magmﬁcatmn that 1s
desired without the need to realign or refocus as is required
when alternately using the two types d instruments.

These advantages are achieved in an instrument with a
zoom range up to X4 to X5, with a zoom lens system of
two-conjugate configuration, and with a highly practical
compactness which successfully folds the optical path into a
practical form while accommodating the three lens systems
and the necessary movements of the zoom lens system.

The continuously variable magnification allows an
observer to zoom in on an object of interest without inter-
rupting the viewing of the features or without losing the
feature. This can be a problem when one instrument is
replaced by another to permit the object of interest to be
viewed at different magnifications.

Some features or conditions are more easily visible with
an indirect ophthalmoscope while other features are only
visible with a direct ophthalmoscope. The apparatus of the
present invention provides sufficient versatility to cover all
conditions with a single instrument only.

In a modification, an annular surround field of view may
provide a ‘direct’ view of the eye, i.e. the front of the eye or
the iris plane as the operator or clinician would view the eye
unaided. Thus, there would be two views of the patient’s eye
using the annular surround, a core view which could be
magnified to any exient, and a peripheral or annular view of
the patient’s eye as it appears to the naked eye of the
observer. The purpose or advantage of this modification is to
aid in the location and alignment of the instrument, particu-
larly during movement across the eye as one ‘scans’ the eye
searching for the presence of abnormalities.

We claim:

1. An optical instrument for indirectly observing an
object, comprising a first lens system for producing a first
image of the object, and an adjustable second lens system for
producing a second image of the object, said second lens
system being continuously adjustable between a first posi-
tion wherein the second image has maximum magnification
and/or 2 minimum area of view and a second position
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wherein the second image is of 2 minimum magnification
and/or a maximum area of view, wherein said second lens
system 1s a zoom lens system having two substantially fixed
conjugates.

2. An optical instrument according to claim 1, wherein
said zoom lens system is an afocal lens system having one
pair of substantially infinite conjugate planes.

3. An optical instrument according to claim 1, wherein
said zoom lens system comprises three mutually movable
lenses. |

4. An optical instrument according to claim 3, wherein
said first lens system comprises a unit of four distinct lenses,
and said mstrument includes a third lens system serving as
an eyepiece lens system.

5. An optical instrument according to claim 1, wherein the
instrument comprises an ophthalmoscope dimensioned for
the eye of the observer to observe an eye of a patient,
wherein the two fixed conjugates of the zoom lens system
comprise the image positions of the patient’s retina and
pupil.

6. An optical instrument for indirectly observing an
object, comprising a first lens system for producing a first
image of the object, and an adjustable second lens system for
producing a second image of the object, said second lens
system being continuously adjustable between a first posi-
tion wherein the second image has maximum magnification
and/or a minimum area of view and a second position
wherein the second image is of a minimum magnification
and/or a maximum area of view, wherein said optical
instrument defines a folded optical path which includes a
generally U-shaped portion so as, in use, to reduce the
separation of the observer and the observed object.

7. An optical instrument according to claim 6, wherein
said adjustable second lens system is in an arm of said
generally U-shaped portion, said first lens system is in a
further portion of said optical path which projects substan-
tially normally relative to said arm, and there is further
provided an eyepiece lens system for observing said second
image of the object.

8. An optical instrument according to claim 7, wherein
said generally U-shaped portion of said optical path is
provided with a casing adapted to be held in an observer’s
hand.

9. An optical instrument according to claim 8 including
means for shding said second lens system along said arm of
the generally U-shaped optical path portion.

10. An optical instrument according to claim 9, wherein
said sliding means comprises a sleeve and means to rotate
the sleeve, and said second lens system is retained in a
plurality of holders which are slidably disposed on a pair of
posts and which have projections in engagement with guide-
ways in said sleeve.

11.- An optical instrument according to claim 6, further
including a plurality of prisms defining the respective folds
in said optical path.

12. An optical instrument according to claim 6, wherein
said second lens system is a zoom lens system.

13. An optical instrument according to claim 12, wherein
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said zoom lens system has two substantially fixed conju-
gates.

14. An optical instrument according to claim 13, wherein
sald zoom lens system is an afocal lens system having one
pair of substantially infinite conjugate planes.

15. An optical instrument according to claim 13, wherein
sald zoom lens system comprises three mutually movable
lenses.

16. An optical instrument according to claim 15, wherein
said first lens system comprises a unit of four distinct lenses,
and said instrument includes a third lens system serving as
an eyepiece lens system.

17. An optical instrument according to claim 6, wherein
the instrument comprises an ophthalmoscope dimensioned
for the eye of the observer to observe an eye of a patient.

18. A method, comprising the steps of:

indirectly observing an eye of a patient with the eye of an
observer through an ophthalmoscope;

producing a first image of the eye through a first lens
system 1n said ophthalmoscope; and

producing a second image of the eye through an adjust-
able second lens system in said ophthalmoscope, said
second lens system being continuously adjustable
between a first position wherein the second image has
maximum magnification and/or a minimum area of
view and a second position wherein the second image
1s of a minimum magnification and/or a maximum area
of view, wherein said second lens system is a zoom lens
system having two substantially fixed conjugates.

19. The method of claim 18, wherein said step of observ-
ing comprises viewing the patient’s retina and pupil wherein
the two fixed conjugates of the zoom lens system comprise
the 1mage positions of the patient’s retina and pupil.

20. A method, comprising the steps of:

indirectly observing an eye of a patient with the eye of an

observer through an ophthalmoscope;

producing a first image of the eye through a first lens
system 1n said ophthalmoscope; and producing a sec-
ond 1mage of the eye through an adjustable second lens
system in said ophthalmoscope, said second lens sys-
tem being continuously adjustable between a first posi-
tion wherein the second image has maximum magni-
fication and/or a minimum area of view and a second
position wherein the second image is of a minimum
magnification and/or a maximum area of view, wherein
sald ophthalmoscope defines a folded optical path
which includes a generally U-shaped portion so as, in
use, to reduce the separation of the observer and the
observed objecit.

21. The method of claim 20, wherein said step of observ-
ing comprises viewing the patient’s retina and pupil,
wherein said second lens system is a zoom lens system
having two substantially fixed conjugates and wherein the
two fixed conjugates of the zoom lens system comprise the
image positions of the patient’s retina and pupil.
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